




Background: Cognitive impairments (CI) may limit uptake of secondary prevention in 
acute coronary syndrome (ACS) patients but is poorly understood, including in cardiac 
rehabilitation (CR) participants.   
Aim: To explore CI in relation to psychological state in ACS patients over the course of 
CR and follow-up.  
Methods: ACS patients without diagnosed dementia were assessed on verbal learning, 
processing speed, executive function and visual attention, at CR entry, completion and 
follow up and scores adjusted using normative data. The Hospital Anxiety and Depression 
Scale measured psychological state. 
Results: Participants (n=40) had an average age of 66.2 (±8.22) years and were 70% 
male. Mild CI occurred at CR entry in single 62.5% and multiple domains 22.5% but was 
significantly less prevalent by CR completion (52.5% and 15.0%) and follow-up (32.5% 
and 7.0%). Domains most often impaired were verbal learning (52.5%) and processing 
speed (25.6%), again decreasing significantly with time (verbal learning CR completion 
42.5%, follow-up 22.5%; processing speed CR completion 15.0%, follow-up 15.0%). A 
small group of patients had persistent multiple domain CI.  
At CR entry patients with CI in processing speed, a single domain or multiple domains 
had more depression, and patients with CI in executive function had more depression 
and anxiety.  
Conclusions: At CR entry, mild CI is very common in post-ACS patients and worse in 
patients who have depression or anxiety symptoms. CI decreases significantly by CR 
follow-up. A small proportion of patients have persistent, multiple domain CI flagging 
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Implications for practice 
• Mild CI is very common in ACS patients attending CR and may create significant 
barriers to understanding and uptake of secondary prevention behaviours. 
• Screening for mild CI in this population is recommended at CR entry so that 
education strategies may be modified, and repeated at CR discharge to identify 
persistent CI requiring further neurocognitive testing and/or intervention. 
• Mild CI is strongly correlated with depression and anxiety and while no cause and 
effect can be presumed, screening, monitoring and referral for treatment should 





Uptake of secondary prevention behaviours by acute coronary syndrome (ACS) patients 
is the cornerstone to limiting future coronary heart disease (CHD) events.1 Despite this, 
ACS patients find initiation of secondary prevention behaviours challenging.1-3 Six months 
post ACS only 22.5% of patients are achieving exercise guidelines2 and 29% of patients 
are not taking their medications as prescribed.3 ACS patients are often overwhelmed by 
their new diagnosis and may experience depression and mild cognitive impairment (CI).3, 
4 Comprehensive cardiac rehabilitation (CR) addresses many issues ACS patients face, 
and has well-established benefits for secondary prevention behaviours, mortality and 
readmissions.5, 6 CR also has the potential to benefit cognitive outcomes in CHD patients 
because shared risk factors are addressed.  
Cognitive impairment is common in CHD patients, potentially due to a shared pathway of 
systemic atherosclerosis and vascular CI.7 However, the prevalence of CI in ACS 
survivors is uncertain; a recent systematic review reported widely disparate prevalence 
rates of 9-85%, although slightly less variable rates of CI of 11- 52% were reported during 
early recovery.8 CI is important to detect in early recovery and manage and accommodate 
because even mild CI has the potential to interfere with learning, planning and execution 
of secondary prevention behaviours,9 and of concern, 30% of mild CI cases will progress 
to dementia within 5 years.7  
CR provides a potential platform to improve treatment of ACS patients and prevention of 
CI. Mild CI may be detected through screening at CR entry, and for those who screen 
positive, education strategies could be modified to improve effectiveness. Cognitive 
screening could be repeated at discharge, so that those with persistent CI could be 
referred for formal neuropsychological testing, other investigations (e.g. brain magnetic 
resonance imaging) or cognitive rehabilitation programs.10, 11 CR is reported to improve 
attention, executive function and memory in a recent systematic review.8 However, 
methodological limitations were common and included small sample sizes, combining 
ACS patients with other cardiac populations known to have more CI, such as cardiac 
surgery and heart failure patients, and failing to define mild CI. Furthermore, mild CI may 
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be directly related to psychological wellbeing including anxiety and depression,12 aspects 
which tend to improve post ACS regardless of CR participation.  
There is some indication that mild CI is prevalent in ACS patients attending CR and 
changes with time. The term ‘Mild Cognitive Impairment’ has been utilised throughout the 
ageing literature to document impairment occurring beyond an expected threshold 
(typically -1sd or -1.5sd) relative to a person’s age and education level based on 
appropriate normative data.12 This concept has been useful to identify individuals in a 
‘high risk’ state, who are more likely to progress to dementia within five years. However, 
difficulties in interpretation of CI results occur in relation to CR due to the varied timing 
and duration of CR and lack of definitions of mild CI.13 At CR entry, mild CI (defined as ≥-
1sd) has been reported in 36% (two weeks post ACS) and at discharge in 33% (three 
weeks post ACS) of patients.14 At CR entry (three months post ACS) the domains affected 
most often have been reported to be verbal fluency (84.5%), learning/memory (60.3%),14 
attention-executive-psychomotor (29.4%) and verbal memory (29.4%) domains, which 
improved significantly to 23.5% and 11.8% respectively at CR discharge (12-weeks post 
CR entry).15 However, adjustment for known correlates of mild CI, such as age and 
education, via comparison with normative data (and the computation of z-scores) was 
rarely used. Similarly, only one study examined concurrently depression and anxiety, 
which are known correlates of CI.  
Given the potential that CR offers to screen and support ACS patients who have CI, 
further exploration is warranted. This study aims to address the gaps in knowledge of mild 
CI in ACS patients attending CR by 1) determining the profile of CI at CR entry (2 weeks 
post ACS), CR completion (6 weeks post entry) and follow-up (8 weeks post completion) 
and 2) determining associations between mild CI and anxiety and depressive symptoms 
at CR entry. 
 
METHODS 
The study used a prospective descriptive design with measures taken at CR entry, 
completion and follow-up and data collection in 2017. The study conforms to the principles 
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outlined in the Declaration of Helsinki and was approved by the local health district Human 
Research Ethics Committee LNR/15/HAWKE/342. 
Subjects and setting 
The study was conducted at two university teaching hospitals in Sydney, Australia. CR 
programs at these sites have systematic referrals for all ACS patients. Programs typically 
begin 2-3 weeks post hospital discharge and include 6 weeks of individually-tailored 
supervised structured aerobic and resistance exercise sessions of 1- hour 1-2/week and 
a home-based program, which directs patients to achieve an accumulation of 30 minutes 
of exercise 5 days/week. Regular education sessions on diet, stress management, 
medications and exercise are included. Participants may choose to continue with exercise 
sessions alone for up to 16 weeks afterwards. 
Participants were considered eligible if they 1) had commenced CR at either hospital, 2) 
were admitted for a diagnosis of ACS (unstable angina, ST- elevation and non ST-
elevation myocardial infarction (STEMI and nSTEMI), primary percutaneous coronary 
intervention (PCI), 3) did not have known dementia or a neuropsychiatric diagnosis, 4) 




A battery of five standardised neuropsychological tests was used including assessment 
of: 1) verbal learning by the Rey Auditory Verbal Learning Test (RAVLT), 2) processing 
speed by the Trail Making Test A (TMT–A) and Cogstate identification task (Cogstate ID), 
3) executive function domain by the Trail Making Test B (TMT–B), and 4) visual attention 
by the Cogstate detection task (Cogstate DET). These tests were selected in consultation 
with a neuropsychologist (SN) due to their ability to detect very early changes in 
attention/processing speed, learning/memory and executive functions (areas most often 
effected by vascular-based brain changes).16-18 The tests are brief to suit busy patient-
care settings.18, 19 The study research nurses received one-on-one training with a 
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neuropsychologist to administer all tests.  The neuropsychological tests took an average 
15-25 minutes to complete depending on the patient’s level of impairment. The full detail 
of the tests including validity and reliability are provided in Supplementary Table 1 and a 
brief outline of each test is provided below. All tests are reported by both raw scores and 
education and/or age adjusted Z-scores. 
The RAVLT was used to assess the ability to learn and then recall an unstructured list of 
15 unrelated words in three trials.16 The RAVLT has been used in cardiac surgical patients 
successfully.20 While 5 trials are typically administered, we modified the test to administer 
only 3 trials. Lower scores indicate more impairment (potential range 0-45). An alternate 
form of the words was used at each time point.21 In our study the modified RAVLT had 
good reliability (Cronbach’s Alpha 0.90).   
The TMT-A is a test of visuomotor speed, with participants asked to draw a continuous 
line connecting encircled numbers in numerical order (1-25) as quickly as possible while 
avoiding mistakes.22 Longer time to complete reflects poorer cognitive function.19  In heart 
failure patients TMT-A has reported reliability with test-retest (intra class correlation 0.79 
and Cronbach’s Alpha 0.89).23  
Cogstate ID measures choice reaction time17 with participants asked to indicate 
recognition of a flipped joker card on a computer screen for 30 correct trials. Longer 
reaction time indicates worse cognitive function.22 The Cogstate ID has excellent reliability 
in cardiac patients (Intra class correlation 0.89).25 
 
TMT–B measures executive function18 and requires participants to draw a continuous line 
alternating between numbers and letters (1, A, 2, B etc.) until they reach the end of 25 
circles. More time taken indicates more impairment. TMT-B has been shown to be reliable 
in a heart failure population with high test-retest values (intra class correlation 0.81 and 
Cronbach’s Alpha 0.89).24  
Cogstate DET task assesses visual attention21 and participants are required to correctly 
identify when a playing card changes between red and black on a computer screen for 
35 correct trials. More time taken indicates more impairment.18 In a cardiac population, 




Symptoms of anxiety and depression were assessed using the Hospital Anxiety and 
Depression Scale (HADS), selected due to its suitability for detecting psychological 
symptoms in the context of medical comorbidities.26 HADS is a self-reported 
questionnaire of 14 items, half each for symptoms of depression and anxiety. Responses 
score 0 to 3 for a total of 0-21 for each subscale (depression and anxiety) with higher 
scores indicating more symptoms.27 HADS has been used extensively in cardiac patient 
samples,28 with good reliability in both the anxiety (Cronbach alpha 0.94) and depression 
subscales (Cronbach alpha 0.88). 
Sample characteristics  
Data were collected from the patient and extracted from the medical record for socio-
demographics, anthropometrics (height, weight), medical history and CVD risk factors.  
Procedure 
Potential participants were screened for eligibility and approached to join the study at their 
initial CR assessment. Data was then collected from the patient or the medical record, 
and further data collected on the day of CR completion and at a follow-up clinic visit. 
Three phone call attempts were made, if no contact participants were considered lost to 
follow-up. Using these methods participants at each stage numbered (Figure 1) 55  
screened, 40 enrolled at baseline (CR entry), 32 at CR completion and 30 at CR follow-
up. There was no significant difference in drop-outs at CR completion or follow-up for CI 
at baseline for age, gender and cognitive profile.  
Classification of CI 
All cognitive test scores were converted to a z-score using age- and where applicable 
education-adjusted normative data. For each test, a participant was classified as having 
‘impairment’ if their z-score fell below -1sd. Since this study sought to detect incipient CI 
in a high socioeconomic area of metropolitan Sydney, a more sensitive cut-off of z-score 
≤-1 was utilised. This cut-point has also been used in studies screening cardiac 
populations for CI.19 
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If any individual demonstrated an impairment on only one test, they were classified as 
meeting impairment for single domain mild CI and multiple domain mild CI if there were 
impairments on at least two tests. For individuals that had impairments on both tests of 
processing speed, this was coded as only one impairment, not two.  
Statistical Analysis 
Data were analysed using SPSS, version 24. The sample characteristics, psychological 
status and prevalence of CI overall and in domains were described using means and 
standard deviations, number and percentages. Continuous data were assessed for 
normal distribution using the Shapiro-Wilk test and where this criterion was met, then 
changes in mean test scores, anxiety and depression were assessed using paired t-tests. 
For data that were categorical or proportions, Chi-squared or Fisher’s Exact test were 
used for comparison. All tests were two-tailed and employed an alpha set at p<0.5. 
 
RESULTS 
The sample had a mean age of 66.2 (±SD 8.22) years, were primarily male (70%), 45% 
were employed and the average schooling was 16 (± SD 3.72) years (Table 1). The most 
common referral diagnosis was nSTEMI (57.5%). CVD risk factors were very common; 
the most prevalent being hypercholesterolaemia (87.5%), hypertension (50%), diabetes 
(22.5%), obesity (22.5%) and sedentary lifestyle (20%).  
Patients screened positive for depression (12.5%) and anxiety (27.5%) symptoms at CR 
entry as detailed in Table 2. The proportion of patients screening positive for these 
symptoms decreased significantly by CR completion (9.4%, p = .001 and 25.0%, p = 
.012). However, at CR follow-up while the proportion of patients screening positive for 
anxiety continued to decrease significantly (24.1%, p <.001) the proportion screening 
positive for depression increased (17.2% p = .01).  
Cognitive Performance 
At CR entry 62.5% of participants had a single domain mild CI and 22.5% had multiple 
domain mild CI (Figure 1). The cognitive domain most often impaired at CR entry was 
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verbal learning (52.5%) followed by processing speed (25.6%) and executive function 
(12.8%) and the least common was visual attention (9.7%). and were associated with mild 
CI (Table 3). Patients who had executive dysfunction at CR entry had more depressive 
(p=.004) and anxiety symptoms (p=.004), and patients with slowed processing speed 
(p=.008), any (p=.043) or multiple domain impairments (p=.016) had more depressive 
symptoms.  
Change in Cognitive Performance 
The percentage of patients who screened positive for mild CI declined significantly from 
CR entry to completion for a single domain (62.5% to 52.5%, p = .002) and for multiple 
domains (22.5% to 15.0%, p = .021) and from CR completion to follow-up in a single 
domain (52.5% to 32.5%, p = .019) and for multiple domains (15.0% to 7.0%, p = .05) 
(Figure 2). CI persisting from CR entry to completion occurred in a single domain (42.5%) 
and in multiple domains (10%). CI persisting from CR completion to follow up occurred in 
a single domain (17.5%) and in multiple domains (2.0%).  
The specific domains of cognitive impairments that declined significantly from CR entry 
to completion were verbal learning (52.5% to 42.5%, p =.002) and processing speed 
(25.6% to 15.0%, p = .006). From CR completion to follow up the specific domains of 
cognitive impairment that declined were verbal learning (42.5% to 22.5%, p = .013) and 
visual attention (15.0% to 10.0%, p = .002) (Supplementary Table 2). 
 
DISCUSSION 
The study results demonstrate mild CI is very common in ACS patients attending CR. At 
CR entry almost two-thirds had mild CI in a single domain (62.5%) and more than one in 
five had multiple domains (22.5%) affected, most often in the new verbal learning and 
processing speed domains. Impairment in these domains may create significant barriers 
to learning about secondary prevention. Depression and anxiety symptoms were also 
pronounced and associated with mild CI at this time. Greater depressive symptoms were 
evident in those with decrements in processing speed and executive function, which is 
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aligned with that found in the depression literature.29 There was an unexpected increase 
in the proportion of patients meeting the HADS threshold for symptomatic depression at 
CR follow-up. 
The study results contribute to emerging knowledge of mild CI in ACS patients. Our study 
results, at 62.5% for a single domain and 22.5% for multiple domain impairments are 
midway between previous reports of 36% (2 weeks post ACS)30 and 85% (3 months post 
ACS).8 Different scoring and score standardising methods and samples may have 
contributed to variations and make comparison difficult. Adjustment for age and education 
occurred in our study but may not have fully compensated for differences in study 
samples. Our study participants were much older, but also had substantially more 
education, particularly in comparison to Silva, Pereira 14 study participants who had less 
than 9 years education. Education has well-established neuroprotective benefits for 
cognitive performance, and is theorised to provide a cognitive reserve against brain 
degeneration, ostensibly meaning that those with more education or ‘reserve’ are more 
resilient to brain pathology and greater levels of pathology would be required in order to 
detect clinical deficits.31  
Given that we employed only a limited test battery comprising five tests, it is likely that 
our screening test battery, whilst sensitive, may not have captured all impairments, and 
thus, may have under-estimated the rates of mild CI in our sample. On balance, however, 
we used a fairly liberal cut-score of -1sd to determine CI. Whilst we felt this was 
appropriate for a highly educated sample, it could have misclassified those in the Low 
Average IQ range as having impairments. Furthermore, it has been shown that multiple 
measures of a cognitive domain provide a more reliable estimate of a cognitive construct 
than any single measure.32 Thus, studies requiring impairment in more than one test of 
any given domain may have produced different and more stable rates of cognitive 
impairment. Further work using a more comprehensive assessment of cognition and 
using more stringent cut-scores for mild CI is now required.  
Interestingly, in this study, we found that mild CI may be transient as demonstrated by 
significant decreases in prevalence over the course of CR participation and follow-up. 
The prevalence of mild CI in our study decreased by 10% from CR entry to discharge of 
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a 6-week program, with significant improvements occurring in verbal learning and 
processing speed domains. Other studies have shown improvements in attentional 
abilities33 and memory, including verbal learning, visuo-spatial memory and attention-
executive-psychomotor domains15 from CR entry to discharge of a12-week program. The 
exception to this trend of overall improvement in our study was a nonsignificant increase 
in impairment in visual attention at CR completion, which has not been reported 
previously and is worth further exploration, particularly in relation to individual’s changes 
in CVD fitness.34 It is unclear whether mild CI resolves spontaneously or the 
improvements can be attributed to CR participation. However, prior work has shown that 
improvements in CR fitness in terms of metabolic equivalents (METS) were related to 
improvements in verbal recall.15 A further consideration is that our study uniquely 
assessed CI following CR discharge (8 weeks) and identified that further improvements 
occurred after CR completion in verbal learning, processing speed and visual attention 
domains.  
Improvements in CI may result from the positive influence of CR on secondary prevention 
behaviours, which are sustained after CR completion, but may also result from resolution 
of other influences including anxiety and depression. Anxiety and depression are common 
following ACS, occurring in 38%35 and associated with CI, particularly memory and 
executive function domains,36 and anxiety is correlated with impairment in the visuo-
spatial domain in CR participants post ACS.14 Our findings are aligned with this prior work, 
where higher depression and anxiety symptoms at CR entry occurred in patients who had 
impaired executive function and for anxiety symptoms for impaired processing speed. 
Additionally, clinically relevant anxiety and depressive symptom prevalence reduced from 
CR entry to discharge and follow-up in a similar pattern to CI in our study, although there 
was an unexpected increase in the proportion of patients meeting suggested cutoffs for 
depression at follow-up. Further research that investigates cognitive status, anxiety and 
depression over time in post ACS patients who attend and do not attend CR is required.  
The prevalence of mild CI at CR entry flags a potential barrier to learning, planning and 
uptake of secondary prevention behaviours in this high-risk post ACS population.9 
Screening for mild CI at CR entry is justified to ensure that appropriate accommodation 
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is made and alternative models of patient education considered and has been included 
in the scientific statements for the care of cardiovascular patients from the American Heart 
Association.37 Screening is especially important for ACS patients who have experienced 
out of hospital cardiac arrest given the increased probability of neurological changes.38 
Patient education strategies need to accommodate common impairments in auditory 
verbal learning, processing speed and visual attention, however, few evidence-based 
patient education strategies for CI are available in this population. Alternative models of 
delivery, including technology-based should be considered, that allow repetition, multiple 
learning styles and inclusion of visual and verbal content. This is especially important in 
patients with multiple persistent impairments. In our study a small number of patients fit 
this category indicating the need for rescreening at CR discharge and potentially referral 
for further testing and support.  
Our findings have important clinical implications. Overall, they suggest that screening of 
ACS patients for mild CI and psychological status is warranted at CR entry, at the least 
to enable tailoring of education and support strategies. Mild CI may be transient or 
respond to CR participation in some ACS patients given significant decreases in 
prevalence over time. However, a small number of patients had persistent multiple 
domain CI at CR follow-up, indicating the need for rescreening at CR discharge and 
potentially for referral for further neuropsychological testing, other investigations and 
cognitive interventions. Given that Alzheimer’s and vascular dementia increases 
considerably in those aged over 60 years39  and that up to half of dementia risk is due 
to modifiable risk factors, early detection and intervention may assist in slowing cognitive 
decline, dementia, and associated disability.  
 
LIMITATIONS 
The study results may not be generalisable to the ACS population more widely due to the 
small, selected sample of CR participants. The study sample was small and not powered 
for multiple tests, thereby potentially increasing Type 1 error. The study should be 
repeated in a larger, more diverse sample. As noted, if we had used a more 
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comprehensive neuropsychological battery, further significant decrements may have 
been evident. We shortened the RAVLT for feasibility within the clinical environment so 
delayed recall memory storage (which is sensitive to hippocampal brain functioning), was 
not measured. Additionally, we did not examine visuospatial functions, working memory 
or more comprehensive components of executive functioning such as verbal fluency, 
areas which have been shown to be impaired in prior work.14 Finally, there was a 25% 
drop-out at follow-up, although this is not particularly unusual in clinical studies such as 
these.  
CONCLUSIONS 
Mild CI is prevalent in post-ACS patients attending CR and is common in areas that affect 
their capacity to learn about secondary prevention and engage in necessary behaviours. 
Mild CI decreases significantly over the course of CR and follow-up, but it is unclear if this 
is a consequence of CR participation or improvement in other factors such as 
psychological status, as depression and anxiety and CI are associated. A small proportion 
of patients have persistent, multiple domain CI flagging potential long-term changes. 
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